ABSTRACT Entamoeba histolytica is not a common causative agent of acute appendicitis. However, amoebic appendicitis can sometimes be severe and life threatening, mainly due to a lack of awareness. Also, its frequency, clinical features, and pathogenesis remain unclear. The study subjects were HIV-1-infected individuals who presented with acute appendicitis and later underwent appendectomy at our hospital between 1996 and 2014. Formalin-fixed paraffin-embedded preserved appendix specimens were reexamined by periodic acid-Schiff (PAS) staining and PCR to identify undiagnosed amoebic appendicitis. Appendectomies were performed in 57 patients with acute appendicitis. The seroprevalence of E. histolytica was 33% (14/43) from the available stored sera. Based on the medical records, only 3 cases were clinically diagnosed as amoebic appendicitis, including 2 diagnosed at the time of appendectomy and 1 case diagnosed by rereview of the appendix after the development of postoperative complications. Retrospective analyses using PAS staining and PCR identified 3 and 3 more cases, respectively. Thus, E. histolytica infection was confirmed in 9 cases (15.8%) in the present study. Apart from a significantly higher leukocyte count in E. histolytica-positive patients than in negative patients (median, 13,760 versus 10,385 cells/l, respectively, P ϭ 0.02), there were no other differences in the clinical features of the PCR-positive and -negative groups. In conclusion, E. histolytica infection was confirmed in 9 (15.8%) of the appendicitis cases. However, only 3, including one diagnosed after intestinal perforation, were diagnosed before the present analyses. These results strongly suggest there is frequently a failure to detect trophozoites in routine examination, resulting in an underestimation of the incidence of amoebic appendicitis.
A ppendicitis is one of the most common causes of acute surgical abdomen. The reported lifetime prevalence is 5 to 10% (1) . Although the exact pathogenic cause of appendicitis is still unclear, internal obstruction (e.g., by a fecalith, lymphoid hyperplasia, or tumor) and direct invasion of microorganisms are some of the suggested etiologies of appendicitis (2) . Although the majority of causative microorganisms are bacteria, cases of appendicitis caused by Entamoeba histolytica (amoebic appendicitis) have been reported (3, 4) .
E. histolytica is a protozoa endemic throughout the world, especially in developing countries (5) . More than 50 million people are affected by E. histolytica, and amoebiasis is the second leading cause of mortality due to parasitic infestation, with over 100,000 deaths annually (6) . Amoebiasis is a food-or waterborne disease in developing countries. On the other hand, in the developed countries of East Asia and Oceana, amoebiasis is considered a sexually transmitted infection (STI) and a waterborne (nonsexually transmitted) infection, which commonly affects travelers. HIV-1-infected men who have sex with men (MSM) are recognized as risk factor for sexually transmitted amoebiasis in these countries (7) (8) (9) . Importantly, the number of cases of amoebiasis in Japan is increasing annually, mainly as STIs (10) .
Two review articles reported the clinical features of amoebic appendicitis (11, 12) . The oversight of E. histolytica infection sometimes results in serious complications after appendectomy. It was reported that amoebic appendicitis presents a high rate of perforated appendicitis at surgery (26.1%) and a high rate of postoperative complications (25.4%) (12, 13) . Also, several case reports indicated that the diagnosis of E. histolytica infection of the appendix was established at autopsy (14, 15) . On the other hand, the prevalence of E. histolytica infection among appendicitis cases has never been evaluated rigorously. Moreover, amoebic appendicitis might have been underestimated in previous studies because the diagnosis of E. histolytica in resected tissue generally relies only on hematoxylin and eosin (H&E) staining, which has a relatively low sensitivity for detecting E. histolytica compared with those of periodic acid-Schiff (PAS) staining and PCR (16) .
In the present study, formalin-fixed paraffin-embedded (FFPE) preserved appendix samples of HIV-1-infected appendicitis patients were rigorously examined by PAS staining and PCR to determine the exact prevalence, clinical features and pathogenesis of amoebic appendicitis.
RESULTS
Study population and review of medical records. A total of 57 HIV-1-infected individuals presented with acute appendicitis and underwent appendectomy during the study period. A review of the medical records indicated the diagnosis of acute appendicitis was caused by Entamoeba in only 3 cases (5.3%). In 2 of these 3 cases, the primary physicians suspected amoebic infection based on the clinical characteristics, such as Japanese HIV-1-infected patients, MSM, and past medical history of amoebiasis, although these patients showed only typical clinical features of acute appendicitis. In these two patients, Entamoeba trophozoites were detected by direct microscopic examination of ascites fluid at surgery and confirmed by histopathological examination of the resected appendices (H&E and PAS stains). Both patients received full courses of metronidazole therapy after the appendectomies and the postoperative periods were uneventful. In the third patient, amoebiasis was not suspected clinically at surgery and Entamoeba was not identified on the initial histopathological assessment with H&E staining. The patient developed intestinal perforation, an intraabdominal abscess, and an enterocutaneous fistula on postoperative day (POD) 14, and the presence of Entamoeba was confirmed in the resected appendix on a repeated histopathological examination (H&E and PAS stains). The patient subsequently underwent ileocecal resection at POD 130, though treatment with metronidazole was provided for 2 weeks (from POD 34 to POD 47), and Entamoeba was not detected in the resected ileocecal sample.
Identification of Entamoeba by PAS stain. Next, we performed additional PAS staining using all preserved FFPE samples of appendices to detect Entamoeba-infected cases undiagnosed by routine H&E staining. The PAS staining identified three new cases of amoebiasis. While Entamoeba was not detected by H&E staining in these 3 cases at the time of surgery based on the medical records, we identified the protozoon on H&E-stained slides at the same microscope field where it was detected by PAS staining. Entamoeba invasion of the submucosal tissue was clearly observed in all these three cases (representative pictures of histopathology are shown in Fig. 1 ).
Identification of E. histolytica DNA in FFPE specimens by PCR. For a more sensitive detection of E. histolytica and to distinguish E. histolytica from other Entamoeba species, we applied PCR to the FFPE samples using E. histolytica-specific primers. We compared the sensitivities and specificities of 24 candidate primer sets using the sample from the patient who developed intestinal perforation (case AA56) as a positive control of amoebic appendicitis. The protocol described below confirmed that the primer set targeting the S TGA -D locus in the tRNA region was optimal for detection of E. histolytica DNA in the FFPE samples of human appendices. The primers were S TGA D-H5, 5=-AAATCCTGCCACTGTCGTAA-3=, and S TGA D-H3, 5=-AATCCCCGTTGAAGAGT TCT-3=, and the optimal annealing temperature was 60°C (17, 18) . All six samples in which Entamoeba was histopathologically identified were E. histolytica-positive by PCR using S TGA -D targeted primers (a representative result of PCR is shown in Fig. 2 ). Next, PCR using the above primers was applied in a blinded fashion using other samples in which Entamoeba was not detected by histopathological examination. Among the 51 histopathologically negative samples for Entamoeba, 3 FFPE samples were positive by PCR. These 3 cases did not include any of the above-described 6 cases. Although the presence of E. histolytica was identified by PCR in these 3 cases, Entamoeba could not be detected histopathologically in the appendix tissues. Interestingly, PCR using undiluted template showed a negative result in 6 of 9 PCR-positive cases, probably due to inhibition of the amplification as shown in Fig. 2 (lane 3) .
Sequence analysis of all nine E. histolytica positive samples was performed to determine the genotypes from short tandem repeat (STR) types in the S TGA -D locus. The STR types were diverse and showed four different genotypes. Two genotypes (12SD and 15SD) were commonly seen in previous reports from Japan, whereas the other two (8SD and 16SD) were rarely reported genotypes (17, 19) . Two different genotypes were identified in one sample (case AA57), indicating a mixed infection with two different genotypes of E. histolytica in this patient (Table 1) .
In summary, E. histolytica infection was confirmed by PCR in 9 of 57 (15.8%) HIV-1-infected patients with appendicitis who underwent appendectomy.
Characteristics of the clinical course. To identify the clinical features of amoebic appendicitis, we compared the patient characteristics and clinical presentations at surgery between amoebic and nonamoebic appendicitis patients ( Table 2 ). Most of the appendicitis patients were Japanese and male, and 82% were MSM. CD4 counts were less than 200 cells/l in 11 patients (19%). One patient was concurrently treated for tuberculous meningitis and two patients received secondary prophylaxis for Mycobacterium avium complex lymphadenitis at appendectomy. Twelve percent had histories of amoebiasis prior to developing appendicitis, and seropositivity from available stored sera for E. histolytica antibodies was 33% (14/43), although these values were not significantly different between amoebic and nonamoebic appendicitis cases. These data suggested that HIV-1-infected individuals in Japan who developed appendicitis were highly affected by E. histolytica. Even among the patients with amoebic appendicitis, only a few showed symptoms of colitis, such as diarrhea (1/9 [11%]) and dysentery (1/9 [11%]). The median time from the onset of abdominal pain to surgery was 3 days (range, 1 to 15 days) and did not differ between the two groups. Leukocyte counts at surgery were higher in patients with amoebic appendicitis than a Entamoeba infection was missed on initial histopathological examination with H&E staining at appendectomy but was identified on rereview of the appendix specimen with PAS and H&E staining at 14 days after surgery when the patient developed intestinal perforation.
in those without (13,760 versus 10,385 cells/l, P ϭ 0.02), and there were significantly more cases with leukocyte counts Ͼ10,000 cells/l among amoebic appendicitis cases than among nonamoebic cases (P Ͻ 0.01), whereas no differences were seen in other clinical, imaging, and laboratory findings between the two groups. It is not surprising that none of the patients was diagnosed with amoebic appendicitis before surgery, since these clinical features are nonspecific. Attending physicians provided metronidazole treatment at 500 mg ter in die (TID) for 15 days or 750 mg TID for 10 days to 5 patients in the amoebic appendicitis group and to 3 patients in the nonamoebic appendicitis group. Only one patient with amoebic appendicitis who did not receive metronidazole immediately after appendectomy developed an enterocutaneous fistula and an intraabdominal abscess (as described above), whereas the other 8 amoebic appendicitis cases, including the 3 cases who were not treated with metronidazole, did not develop postoperative complications or invasive amoebiasis thereafter. No fatalities were recorded in patients of the amoebic appendicitis group.
DISCUSSION
The diagnosis of amoebic appendicitis is very difficult in clinical settings because the clinical picture is similar to that of nonamoebic appendicitis. One previous systematic review showed that preoperative diagnosis was established in only 3.0% of the patients (12) . On the other hand, there are no epidemiological studies that used highly sensitive methods to detect E. histolytica. In most reports, the diagnosis of amoebic appendicitis relied on clinical findings, direct microscopic examination of stool, and histopathological assessment by H&E staining (11) (12) (13) (14) (15) . Therefore, we hypothesized that the prevalence of amoebic appendicitis is currently underestimated. In the present study, 9 of 57 (15.8%) HIV-1-infected patients who underwent appendectomy were confirmed to have amoebic appendicitis by PCR, whereas only 2 amoebic appendicitis patients were diagnosed at appendectomy. Moreover, none of the cases were diagnosed preoperatively as amoebic appendicitis. On the other hand, 75.0% (3/4) of our amoebic appendicitis patients who were not prescribed metronidazole at surgery did not develop postoperative complications, indicating that perioperative treatment with metronidazole is not necessarily required for preventing postoperative complications. Therefore, Our results confirmed that PCR using FFPE samples is more sensitive than histopathology using H&E and PAS staining for the diagnosis of amoebic appendicitis. However, PCR is still technically complex for routine examinations, especially in resourcelimited settings. Even in developed countries, clinicians have to first suspect E. histolytica infection based on clinical findings before they request PCR as a nonroutine test for a resected appendix. For this reason, we tried to define the clinical features of amoebic appendicitis. However, we found that most clinical symptoms and laboratory findings, other than higher leukocyte counts at the onset, were not different between amoebic and nonamoebic appendicitis (Table 2) . Thus, we conclude that it is often difficult to differentiate amoebic appendicitis from a nonamoebic one based on the clinical picture only during the acute phase of appendicitis.
The pathogenesis of amoebic appendicitis, such as the incubation period of parasite infection, is still unclear, although a previous meta-analysis indicated that subclinical chronic infection of E. histolytica continues for months or years before the development of amoebic appendicitis (12) . Also, in this study, preliminary results of repeated cytokine analyses using stocked samples from one patient (case AA42) showed high serum levels of interleukin-4 (IL-4), a marker of asymptomatic E. histolytica infection (20) , at 3.5 months before the onset of acute appendicitis, and the level decreased immediately after treatment of amoebic appendicitis (data not shown). Unfortunately, no control data were available for serum IL-4 levels in the HIV-1-infected individual who did not have E. histolytica infection, and thus the significance of this finding remains to be confirmed in future studies. Further research of the pathogenesis of amoebic appendicitis is needed. Such studies are necessary for reducing amoeba-related morbidity and mortality in acute appendicitis by detecting subclinical chronic E. histolytica infection and providing preemptive treatment.
This research has some limitations that should be considered. First, this was a single-center retrospective study involving a small sample size. The exact prevalence and clinicopathological assessment of amoebic appendicitis will be explored in future studies. Moreover, retrospective study of long-term preserved FFPE samples can lead to false negative PCR results. In fact, the PCR positivity rate of histologically negative FFPE samples fixed for more than 5 years was 0% (0/36), whereas the positivity rate in samples fixed fewer than 5 years ago was 20% (3/15) (P ϭ 0.02) (see Fig. S1 in the supplemental material). Our results might show that at least 15.8% of the cases are amoebic appendicitis. Second, we selected HIV-1-infected individuals for the present analyses because they are affected by E. histolytica to a greater extent than non-HIV ones in our country (10, 21) . It is expected that the rate of amoebiasis is higher among immunocompromised HIV-1-infected individuals than among uninfected ones (22) (23) (24) , although it was reported that clinical presentations are not influenced by the presence of HIV-1 (19, 25, 26) .
In conclusion, our results suggest that the true prevalence of amoebic appendicitis is underestimated under endemic situations of E. histolytica. Furthermore, our results emphasize the need for large epidemiological prospective studies using PCR under endemic settings of E. histolytica to determine the risk factors, clinical features, best diagnostic procedure, and treatment strategy for amoebic appendicitis.
